Introduction
Headache is a highly prevalent heterogeneous disorder classified as either primary (when no other condition justifies the symptom) or secondary (when a symptom of another health condition) (1) . Primary headache, such as migraine and tension-type headache, affects Brazilian children with a prevalence rate of 12.3% and 4.2%, respectively (2) . Although the origin or worsening of headache in children and adolescents may also be related to temporomandibular joint disorder (TMJD), few studies have addressed this association.
TMJD is a collective term that embraces a number of clinical problems that involve the temporomandibular joint and related structures. Headache is one of the major symptoms reported by individuals with TMJD (3) . A recent Finnish study found that TMJD affected one third of a large population of children, often associated with pain in other parts of the body (3) . A Brazilian study validating an oral health-related quality of life questionnaire for children also reported the disrupting effect of TMJD on children and pre-adolescents (4). When subgroups are assessed, girls and children/adolescents with posterior unilateral crossbite are at greater risk of developing craniofacial pain (5) .
The study of headache in children and adolescents with and without TMJD poses a challenge to multidisciplinary teams caring for this population. The aim of the present study was to assess the prevalence and type of TMJD in children and adolescents referred to the dentist due to headache.
Methods
A prospective cross-sectional cohort study was carried out involving 93 children and adolescents (six to 14 years of age) at the dental clinic of the Universidade Metropolitana de Santos (Brazil). This study received approval from the Human Research Ethics Committee of the university (process number 056/2011). Adults responsible for the underage patients signed a statement of informed consent allowing the evaluations.
The inclusion criteria were the presence of second deciduous molars in children aged six to ten years and the first permanent molar in those aged 11 to 14 years. Children and adolescents undergoing chronic medical, orthodontic or psychological treatment and those with craniofacial deformities were excluded.
The Helkimo Index was administered to all participants who met the eligibility criteria for the evaluation of TMJDs. This index is more easily understood by individuals in the age group studied and makes it possible to classify individuals into severity categories based on the clinical signs of TMJD. The index is subdivided into five items, with three possible scores for each item (0, 1, and 5), depending on the clinical evaluation. The total allows classification into categories: absence of signs of TMJD (0 points), mild TMJD (1 to 4 points), moderate TMJD (5 to 9 points) and severe TMJD (10 to 25 points) (6) (7) (8) (9) (10) . Clinical examinations were performed using Axis 1 of the Research Diagnostic Criteria for Temporomandibular Disorders (11) . The evaluation was performed by the same dentist, familiar with this assessment tool. The clinical examination included a comprehensive assessment of teeth and dental occlusion, palpation of the temporomandibular joint and the trapezius, sternocleidomastoid, temporal, masseter, digastric and medial pterygoid muscles. Analysis of mandibular movements was carried out with the aid of a digital caliper (Mitutoyo, Kawasaki, Japan) for the assessment of maximum oral opening and lateral excursion. Joint noises, anthropometric evaluation and the presence of headache were investigated individually.
Statistical analysis was performed using the SAS program for Windows (v. 9.2) and involved the chisquared test for quantitative variables and the Student's t-test, ANOVA and Tukey's test for quantitative data. An adjusted logistic regression model was used to determine significant associations between headache (dependent variable) and gender, age and TMJD (explanatory variables). For all tests, the significance level was set to 5% (P < 0.05).
Results
Ninety-three individuals aged 6 to 14 years were evaluated. Females accounted for 54.8% of the total sample. Table 1 When the group of patients was divided into younger (6 to 10 years) and older (11 to 16 years) subgroups, no significant difference was found regarding the presence of TMD and/or headache. Likewise, no statistically significant gender differences were found regarding the presence of TMD and/or headache ( Table 2) .
Mild TMJD was found in 35.5% of the patients (n = 33), moderate TMJD in 25.8% (n = 24) and severe TMJD in 11.9% (n = 11). Headache was a major complaint in 54.9% (n = 51) of the children and adolescents and was not associated with age, gender, type of bite or occlusal wear. Table 2 summarizes the significant associations between TMJD and headache. Absence of TMJD was not associated with headache (P = 0.26). The same was true for mild TMD (P = 0.622). However, headache was significantly associated with moderate (P = 0.04) and severe TMJD (P = 0.001) (Fig. 1) . Logistic regression analysis revealed that children or adolescents with moderate TMJD had a threefold greater chance of having headache and that those with severe TMJD had a 16-fold greater chance of having headache in comparison to those without TMJD (Table 3) .
Discussion
The high prevalence of headache and TMJD observed in the children and adolescents assessed in the present study is likely the result of selection bias, as the patients actively sought dental consultations and were not selected from the general or school population. Therefore, no conclusions can be drawn regarding the prevalence of signs and symptoms in these patients. The present study revealed a significant association between TMJD and headache in children and adolescents. As pointed out previously by other authors, the dysfunctional stomatognathic system may explain the pain reported by these patients (12) (13) (14) (15) . Although such findings are not uncommon in adults and have been demonstrated in large population-based studies (12, 15) , similar studies involving younger individuals have been rare. In the present study, no significant association was found between gender and the presence of TMJD and headache. However, females tend to exhibit a greater frequency of TMJD symptoms than males during adolescence (16) , which may be attributed to the greater sensitivity and pain upon palpation of the temporomandibular joint and muscles of the stomatognathic system in females (17) .
An interesting aspect of the present study was the lack of a direct association between TMD/headache and age or gender, which is in agreement with findings reported in a large study by Keeling and co-workers (18) . However, this relationship has not always been investigated or described (19) and some studies have only cited age as exerting an influence on the association between these clinical conditions (20, 21) . Nevertheless, a recent large study by Tecco et al. reported a significant association between TMD/headache and patient characteristics, such as female gender, young age, and the presence of posterior unilateral crossbite (22) .
Although a number of studies have described a relationship between malocclusion and TMJD/headache, the present investigation found no significant association between these parameters. A recent study by Troeltzsch and co-authors found that only displacements greater than 3 mm were associated to headache (15) . Castelo and co-workers also found that, with the exception of atypical swallowing, no parafunctional or occlusal disturbances were associated with TMJD in children in the primary dentition phase (23) . On the other hand, Thillander and collaborators found an association between TMJD/pain and posterior crossbite, anterior open bite, Angle Class III malocclusion and extreme maxillary overjet (16) . Considering the principle that parafunctional habits and stress-related events play a fundamental role in the etiology of both TMJD and headache (24) (25) (26) , further studies are needed to demonstrate and clarify this association in adolescents.
The results of the present study and findings reported in the literature underscore the need for more detailed studies on the subject. It is not rare to find physicians and dentists who are unaware of the complexity of this issue while treating children and adolescents with headache (14) . An analysis of primary headache, such as migraine and tension-type headache (1), in the pediatric population seeking dental care is warranted. Large Finnish studies have found that children with migraine had more signs and symptoms of TMJD than children without migraine or with tension-type headache (27, 28) . The association between tension-type headache and TMJD is even more complex, since these conditions may overlap (14) . Indeed, disorders of the temporomandibular joint and adjacent structures are possible triggering factors for tension-type headache (14, 29) . The common mechanisms for this association may be the presence of central facilitation of nociceptive inputs (13) .
The present study identified a clear association between TMJD severity and headache in children and adolescents, independently of gender and age, as individuals with moderate to severe forms of this disorder respectively had a threefold and 16-fold greater chance of having headache in comparison to those without TMD. 
